OBJECTIVE. The purpose of our study was to assess the appearance of the colon and genitourinary tract in fetuses with respect to gestational age with T1-and T2-weighted MRI acquisitions and their applications to abnormalities in these systems.
etal MRI has been increasingly used as an adjunct to sonography to provide secondary information regarding fetal anatomy, which may alter the antenatal diagnosis and management of the pregnancy [1] [2] [3] [4] [5] . The use of ultrafast scanning techniques, such as singleshot fast spin-echo and HASTE sequences, has allowed excellent resolution of fetal anatomy by reducing motion artifact [6] . Most fetal cases referred for secondary MRI evaluation have dealt primarily with CNS and thoracic abnormalities [1, [7] [8] [9] [10] [11] [12] [13] .
More recently, we and others have used fetal MRI to evaluate the genitourinary and gastrointestinal systems for suspected dysmorphology seen on sonography [2, [14] [15] [16] [17] . The appearances of urine and meconium on fetal MRI have been described previously [2, 9, [15] [16] [17] [18] [19] . Although there is one report describing the appearance of fetal meconium with respect to gestational age, we are unaware of reports describing the appearance of urine with respect to gestational age and, more specifically, in fetuses at less than 24 weeks' gestation [15] . We have found anecdotally certain appearances of urine in the bladder and fluid in the colon on T1-and T2-weighted images that became more apparent with increasing gestational ages and aided in the diagnosis in many cases by defining which sonolucent structures on sonography represented the colon or genitourinary system. We therefore sought to characterize the MRI appearance of urine in the genitourinary tract and meconium in the colon as a function of gestational age in fetuses without abnormalities in these organ systems. We then attempted to apply these signal characteristics to fetuses with suspected complex genitourinary or gastrointestinal abnormalities with the expectation of improving the diagnostic ability of fetal MRI. 
Materials and Methods

Patients and Imaging
For this retrospective study, we reviewed fetal MRI studies performed between January 2000 and January 2003. Before the images were acquired, each maternal patient was counseled about fetal safety issues and written informed consent was obtained as part of an institutional review board-approved study or indicated study.
MRI was performed using a 1.5-T magnet (Signa, GE Healthcare). A torso surface coil was placed around the mother's pelvis and centered over the gravid uterus. No maternal sedation was administered because short acquisition times of the sequences limited fetal motion. A 15-sec localizer three-plane gradient-echo T2 * -weighted sequence was performed to plan the orthogonal planes relative to the fetal lie. A single-shot fast spin-echo sequence was used to obtain the T2-weighted images. The parameters used to obtain the images were the following: TR range/TE eff range, 30,000-98,000/ 
Data Analysis
Retrospective review of the fetal MRI database was performed to select those studies in which both T1-and T2-weighted acquisitions were obtained. Scanning acquisition times, the number of acquisitions, and the total study time were recorded. Gestational age was determined by combined clinical and sonographic information. Specifically, sonography of every fetus was performed before the MR examination, and gestational age was assigned on the basis of the sonographic and clinical information. The studies were reviewed by two examiners together. Initial differences of opinion were not recorded. The studies were identified as either normal or abnormal based on the MRI findings of the genitourinary or gastrointestinal systems. The final diagnosis was made by clinical, surgical, or pathologic follow-up.
The signal characteristics of urine in the fetal bladder and fluid in the fetal colon on both sequences were evaluated. Signal intensity (bright vs dark) was subjectively determined with respect to adjacent muscle. We subjectively evaluated whether there was bright signal in the bladder on T2-weighted sequences but did not quantify bladder fullness. The findings were grouped by gestational age and diagnosis. In fetuses with suspected colonic or genitourinary abnormalities, an assessment was made about whether the T1-weighted findings added information to the T2- 
B A D C
weighted findings. A Mantel-Haenszel chisquare analysis was performed to evaluate the relationship of gestational age to MRI signal intensity. A p value of less than 0.05 was considered statistically significant.
Results
Using the MRI database between January 2000 and January 2003, we found 80 cases that had both single-shot fast spin-echo and SPGR acquisitions. Scan acquisition times varied from 40 to 90 sec, depending on the number of image slices. An average of 9 acquisitions (range, 5-9) were performed with an average scanning time of 20-30 min. The entire MRI study, including setup, averaged 40 min.
Of the 80 fetuses, 43 had normal findings for the genitourinary and gastrointestinal systems based on MRI and discharge findings. Specifically, none of the fetuses in the normal group had a discharge diagnosis of a gastrointestinal or genitourinary abnormality ( Figs. 1 and 2 ). Thirty-seven of the fetuses had either genitourinary or gastrointestinal abnormalities: 23 genitourinary abnormalities and 14 gastrointestinal abnormalities, which included six diaphragmatic hernias (Tables 1 and 2 and Figs. 3-5) . Neonatal outcomes were not available for nine cases in the abnormal group. The mean gestational age was 27 weeks 6 days, with gestational ages ranging from 17 to 39 weeks. 
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The MRI signal characteristics of urine and meconium became significantly more conspicuous with increasing gestational age in both the normal and abnormal fetuses. In 12 of the 22 fetuses at less than 24 weeks' gestation, bright T2 signal was seen in the bladder compared with 54 of the 58 fetuses at greater than 24 weeks' gestation (p < 0.001). In nine of the 22 fetuses at less than 24 weeks' gestation, dark T1 signal was detected in the bladder compared with 53 of the 58 fetuses at greater than 24 weeks' gestation (p < 0.001). Also, in seven of the 22 fetuses at less than 24 weeks' gestation, bright T1 signal was seen in the colon compared with 57 of the 58 fetuses at greater than 24 weeks' gestation (p < 0.001). Finally, in six of the 22 fetuses at less than 24 weeks' gestation, dark T2 signal was detected in the colon compared with 50 of the 58 fetuses at greater than 24 weeks' gestation (p < 0.001). Of the 37 cases with suspected problems of either the genitourinary or the gastrointestinal systems, T1-weighted images added additional information in 23 cases, most of which involved discriminating complex genitourinary abnormalities from the colon in fetuses beyond 24 weeks' gestation.
One important note in evaluating the bladder was that except in fetuses with renal agenesis, even with an "empty" bladder, there was still bright signal at the bladder trigone beyond 24 weeks on T2-weighted sequences and that this finding was not dependent on bladder fullness.
Discussion
To our knowledge, ours is the first study comparing the appearance of fetal urine with gestational age. The signal characteristics of fetal urine and meconium in the colon have been described previously, with fetal urine showing a bright signal on T2-weighted images and meconium showing bright signal on T1-weighted images because of its high protein and mineral content [14] [15] [16] [17] [18] . Furthermore, the appearance of meconium with respect to gestational age has also been described previously [15] . In our retrospective study, our results agreed with those of previous studies, but the signal characteristics of urine were significantly more apparent with increasing gestational age, especially be- yond 24 weeks. We also found that T1-weighted images using an SPGR sequence provided additional information in the setting of complex genitourinary or gastrointestinal abnormalities in approximately 60% of the abnormal cases.
In our series of genitourinary abnormalities, imaging in most cases involving fetuses at less than 24 weeks' gestation was performed to identify the kidneys. In these cases, T1-weighted images did not provide additional information because T1-weighted imaging did not aid in determining the presence or absence of kidneys. However, in fetuses at greater than 24 weeks' gestation, identifying the ureters was an important goal and T1-weighted images allowed accurate and reliable discrimination between ureters and colon, thereby providing additional information to decipher complex abnormalities. T1-weighted sequences were also helpful in diagnosing the cases of adrenal hematoma and extraadrenal neuroblastoma by showing blood in the hematoma and fat in the neuroblastoma.
In our series of gastrointestinal abnormalities, identifying meconium in the fetal colon was a primary goal. T1-weighted images resulted in additional information in all but two cases. They were especially helpful in identifying the absence of normal signal of the colon in the cases of meconium peritonitis, megacystic microcolon with hypoperistalsis, and cloacal exstrophy. Also, in the case of gastroschisis with a dilated bowel loop, T1-weighted images identified the dilated bowel to be colon and not obstructed small bowel. In the fetus with a choledochal cyst, T1-weighted images illuminated a potential colon lesion as the choledochal cyst. In the fetus with a retroperitoneal teratoma, T1-weighted sequences were helpful by showing bright signal in the lesion. Finally, T1-weighted sequences were helpful in identifying the presence or absence of colon in the six cases of congenital diaphragmatic hernia to define the severity, although the findings did not necessarily affect counseling or management.
The limitations of this study should be discussed. The retrospective nature of the study may introduce ascertainment bias. In addition, the studies of fetuses at less than 24 weeks' gestation are all genitourinary studies in the abnormal group, so we cannot comment on the benefit of T1-weighted images before 24 weeks' gestation in the setting of gastrointestinal abnormalities. However, we believe T1-weighted images would be helpful in these cases because the rectum is always filled with meconium after 20 weeks and should be easily identified [18] . We did not have neonatal outcomes for nine of the cases with abnormalities including three gastrointestinal cases and six genitourinary cases. Finally, signal characteristics anecdotally are more conspicuous because the organs evaluated become larger and this may play a role regarding increased conspicuity with more advanced gestational age.
In conclusion, we believe our study adds important information to the growing literature of fetal MRI. Specifically, the conspicuity of T1-and T2-weighted findings of urine and meconium in the colon is significantly more apparent beyond 24 weeks' gestation in the fetus and added discriminating information in approximately 60% of the abnormal cases.
